Abstract. Measurements of the cross section for exclusive virtual-photoproduction of ρ 0 mesons from hydrogen are reported. The data were collected by the HERMES experiment using 27.5 GeV positrons incident on a hydrogen gas target in the HERA storage ring. The invariant mass W of the photon-nucleon system ranges from 4.0 to 6.0 GeV, while the negative squared four-momentum Q 2 of the virtual photon varies from 0.7 to 5.0 GeV 2 . The present data together with most of the previous data in the intermediate W -domain are well described by a model that infers the W -dependence of the cross section from the dependence on the Bjorken scaling variable x of the unpolarized structure function for deep-inelastic scattering. In addition, a model calculation based on Off-Forward Parton Distributions gives a fairly good account of the longitudinal component of the ρ 0 production cross section for Q 2 > 2 GeV 2 .
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Introduction
This paper presents cross section measurements for exclusive diffractive production of ρ 0 (770) vector mesons in positron scattering on a 1 H target. The production of vector mesons by real or virtual photons is of considerable interest, as the corresponding cross section is closely related to other observables in lepton scattering. For example, with help of the recently introduced Off-Forward Parton Distributions (OFPDs), one can relate elastic nucleon form factors, deep-inelastic scattering (DIS) structure functions, virtual Compton scattering cross sections, and vector meson production cross sections [1] [2] [3] [4] [5] [6] [7] [8] . The OFPDs represent a generalization of the parton distributions measured, for instance, in inclusive DIS experiments.
In Refs. [5, 6] the longitudinal part of the ρ 0 virtualphotoproduction cross section is calculated in the OFPD framework. At large values of the photon-nucleon invariant mass (W > 10 GeV) the calculated cross section is dominated by a two-gluon exchange mechanism, which has been treated using the perturbative approach of Ref. [4] . These calculations reproduce existing data. However, uncertainties arise due to the size of higher-order and highertwist contributions [4, [7] [8] [9] , which are larger at small values of Q 2 (the negative square of the four-momentum of the virtual photon). Below 10 GeV the calculated cross section is dominated (in leading twist) by a handbag diagram, in which the virtual photon is absorbed by a valence quark in the nucleon [5, 6] . Following Ref. [5] this mechanism is called quark exchange. However, few data are available between 4 and 10 GeV. Several data sets exist for W < 4 GeV, but in this domain the OFPD calculations do not apply, as the reaction receives contributions from other reaction channels in this domain.
The relation between the vector meson leptoproduction cross section and the structure function F 
Kinematics
In the present leptoproduction measurement both the scattered lepton and two oppositely charged hadrons are observed. The ρ 0 leptoproduction events are identified by requiring that the reconstructed invariant mass of the two hadrons is close to the mass of the ρ 0 meson, i.e. 0.77 GeV. The kinematic variables that characterize such measurements are defined here in the laboratory frame. The variables describing the kinematics of the virtual photon include its energy ν, its fractional energy y = ν/E 0 (with E 0 the incident lepton energy), and its four-momentum q. The latter quantity is related to the previously introduced variable Q 2 through Q 2 = −q 2 > 0. The Bjorken scaling variable x is related to ν and Q 2 by x = Q 2 /(2M ν), and the photon-nucleon invariant mass W is given by
The virtual-photon polarization parameter is represented by ǫ.
The ρ 0 meson is characterized by its four-momentum v and θ ππ , which represents the angle between the two pions into which the ρ 0 meson decays. Combining some of the lepton and meson variables, one can introduce t = (q − v) 2 < 0, the square of the fourmomentum exchange between the virtual photon and the target, and
, which is a measure of the missing energy (where P Y = P + q − v represents the 4-momentum of the unobserved final state Y with P = (M, 0) that of the target nucleon).
Instead of −t, the above-threshold momentum transfer −t ′ = −t + t 0 is often used, which is approximately equal to p 
Experiment
The data were collected during the 1996 and 1997 running periods of the HERMES experiment [11] at DESY using a 27.5 GeV longitudinally polarized positron beam with a 1 H gas target in the HERA storage ring. Part of the data set was collected with longitudinally polarized targets. Since the polarization degrees of freedom were not exploited in the present analysis, the average over both target polarization states is taken.
The HERMES polarized proton target [12] is formed by injecting a nuclear-polarized beam of atomic hydrogen from an atomic beam source into a tubular open-ended storage cell inside the positron ring. The cell provides a 40 cm long target of pure atomic species with an areal density of approximately 7 × 10 13 atoms/cm 2 . With unpolarized targets of molecular hydrogen, areal densities of about 10 15 atoms/cm 2 were obtained. The storage cell was shielded from synchrotron radiation by two sets of collimators, one of which is moveable. No particles were observed to originate from scattering events in the walls of the storage cell.
During the course of one fill (typically 8 hours long), the positron current in the ring decreased from typically 30 -40 mA at injection to ∼ 10 mA, at which point the ring was emptied. The data presented in this paper correspond to an integrated luminosity of 108 pb −1 . The HERMES spectrometer is described in detail elsewhere [11] . It is a forward spectrometer in which both the scattered positron and produced hadrons are detected within an angular acceptance ± 170 mrad horizontally, and ± (40 -140) mrad vertically. The scattered-positron trigger was formed from a coincidence between a pair of scintillator hodoscope planes and a lead-glass calorimeter. The trigger required an energy of more than 3.5 GeV deposited in the calorimeter. (For part of the running the trigger threshold was reduced to 1.5 GeV, for which a correction was applied in the data analysis.) Positron identification was accomplished using the calorimeter, the preshower counter consisting of the second hodoscope preceded by a lead sheet, a transition-radiation detector, and a threshold gasCerenkov counter. This system provided positron identification with an average efficiency of 99% and a hadron contamination of less than 1%.
Data analysis
Only those events were selected that contained a scattered positron and exactly two hadrons with opposite charge. (A more detailed description of the analysis is given in Refs. [13, 14] .) A number of geometric requirements were imposed on the particle tracks to ensure that they were well contained within the acceptance of the spectrometer. It was also required that the tracks originated from along the beam line within ± 18 cm of the centre of the target. In addition, several constraints were imposed on the kinematic variables. The size of the radiative corrections was limited by requiring y ≤ 0.85. Because the W -acceptance [15] of the background, which has been scaled to the data for ∆E > 3.0 GeV. The dotted histogram includes a simulation [14] of exclusive ρ 0 -production as well. As the Monte Carlo simulations do not include inelastic nucleon excitations or internal radiative effects for the exclusive channel, the ∆E-region between 0.5 and 2.5 GeV cannot be properly described.
of the HERMES spectrometer for ρ 0 production is sharply reduced both below 4 GeV and above 6 GeV, cross sections for only two W -bins (4-5 and 5-6 GeV) have been extracted from the data.
The ρ 0 vector mesons were identified by requiring 0.6 GeV < M ππ < 1 GeV, with M ππ the invariant mass of the pair of detected hadrons, assuming that they are pions. It has been verified that this requirement also removes the φ → K + K − background, by confirming that the φ events, which occur at M KK ≈ M φ , appear in the M ππ spectrum at M ππ < 0.6 GeV. Here M KK is the invariant mass calculated assuming that the two hadrons are kaons, and M φ = 1.019 GeV is the mass of the φ meson.
In exclusive ρ 0 electroproduction, i.e. eN → e ′ ρ 0 N , the part of the final state that is unobserved at HERMES consists of a nucleon recoiling without excitation. Such events are selected by requiring that the missing energy ∆E is approximately zero. In this domain the ∆E spectrum, as displayed in Fig. 1 for the two W -bins, shows a clear peak near ∆E ≈ 0. The exclusive events were selected by requiring ∆E < 0.4 GeV.
Using the Monte Carlo simulation for exclusive ρ 0 production described in section 4.2, it has been evaluated that on average 18% of the exclusive events fall outside the imposed ∆E window. This effect has been accounted for (bin by bin) in the acceptance correction.
The requirement on ∆E is relatively tight in order to suppress inelastic contributions involving nucleon excitations. As no Monte Carlo simulation is available for such double diffractive processes, their remaining contribution is estimated from other data in section 4.3.
Background subtraction
There is a background contribution under the exclusive ρ 0 peak that is caused by hadrons from DIS fragmentation processes. Part of this background is removed by excluding the region −t ′ > 0.4 GeV 2 , where the background dominates the ρ 0 yield. The remaining background is estimated and subtracted using the methods described below.
The background estimate is based on the LEPTO Monte Carlo program [15] . This simulation includes hadrons resulting from fragmentation processes in deep-inelastic scattering (using the Lund fragmentation code), but not from diffractive ρ 0 production. The ∆E spectrum was generated independently for each (Q 2 ,W )-bin, and normalized to the experimental data in the ∆E region above 3.0 GeV (see Fig. 1 ). Thus normalized, the background was subtracted from the data in the ∆E domain that was used for the determination of the cross section. Depending on kinematics the background contribution ranges from (3 ± 1)% to (9 ± 4)%, where the uncertainties include the effect of varying the ∆E-ranges used in evaluating the background contribution. The lower limit of the ∆E-range used to normalize the background was varied from 3 to 5 GeV, and the upper limit used in selecting the exclusive events was varied from 0.3 to 0.6 GeV.
The background subtraction procedure was verified by also using an alternative method. In this case a ∆E spectrum was extracted from the data by requiring −t ′ values between 0.7 and 5 GeV 2 , i.e. well beyond the region used to determine the diffractive cross section. A similar normalization procedure is used, i.e. the background spectrum is normalized such as to reproduce the same number of events for ∆E > 3 GeV as in the spectrum obtained with the standard −t ′ requirement. The tail of the normalized background spectrum for ∆E < 0.4 GeV was taken to represent the actual background contribution to the ρ 0 mass peak. The cross sections obtained after this background subtraction method were found to be consistent with those obtained using the Monte-Carlo based method within the systematic errors listed below in Table 1 .
Acceptance correction
The data were corrected for the finite acceptance and inefficiencies of the HERMES spectrometer for ρ 0 production. The correction was evaluated using a Monte Carlo simulation based on the Vector Meson Dominance (VMD) Invariant mass spectrum of the two oppositely charged hadrons assuming that they are pions. Backgrounds have been subtracted, the contribution from φ decays has been removed by requiring that MKK > 1.04 GeV, and the acceptance correction has been applied. The ρ 0 mass peak at 770 MeV is described by a Breit-Wigner function (solid line), of which the parameters were fitted to the data.
model. Details are given in Ref. [14] . For each kinematic variable (ν, Q 2 , W , M ππ , cos θ ππ and −t ′ ) good agreement between the measured distribution and the simulation was obtained.
The acceptance correction is large because the HER-MES spectrometer has a relatively small acceptance for γ * p → ρ 0 p events. The acceptance for ρ 0 mesons (given an observed scattered positron) ranges from only 5.9% at low Q 2 to 18% at high Q 2 . As the corresponding correction factors are large, it is mandatory to study the dependence of the acceptance correction on the details of the Monte Carlo calculation. For that purpose, the entire analysis was redone varying the assumptions for the angular distributions of the production and decay of the ρ 0 -meson. The original Monte Carlo simulation, which assumed sChannel Helicity Conservation (SCHC), was replaced by one that produces uniform angular distributions for all relevant angles. In addition, the Q 2 -dependence of the VMD propagator (as given by Eq. 2 in section 5.1) was varied by changing the exponent from 2 to 2.5, and an alternative event generator DIPSI [16] was used. The sensitivity of the Monte Carlo yield to variations of the angular distributions and changes of the assumed Q 2 -dependence leads to typical systematic uncertainties of 10% and 6%, respectively. The effect of the event generator itself amounts to typically 8%. Including all variations, the uncertainty of the cross sections due to the acceptance correction ranges from 12% to 17%, depending on the kinematics.
Cross section determination
The M ππ mass spectrum is shown in Fig. 2 . In this spectrum backgrounds are subtracted, the acceptance correction is applied and all kinematic requirements mentioned above are imposed. The ρ 0 mass peak was fitted using a Breit-Wigner (p-wave) function and a constant background term representing the non-resonant physics background. The Breit-Wigner function was multiplied by the factor (M ρ /M ππ ) ns in which n s represents the skewing parameter. This procedure is identical to the one described in Ref. [17] , and was first proposed by Ross and Stodolsky [18] . The resulting fit parameters (M ρ [19] : M ρ 0 = 0.7700 ± 0.0008 GeV, Γ ρ 0 = 0.1507 ± 0.0011 GeV. If the effect of the ω decay is also considered in the fit, ω mass and width parameters are found that are also consistent with Ref. [19] . The contribution of this interference averages out to zero in the considered mass interval. The absolute contribution of ω-production to the apparent ρ 0 yield is estimated to be less than 1%, and has therefore been neglected. It should be noted that the ρ 0 production cross sections presented in this paper correspond to the data in the mass region 0.6 GeV < M ππ < 1.0 GeV with a correction (of 14 ± 2%) for the tails of the skewed Breit-Wigner distribution [18] outside this mass window. This correction factor has been evaluated relative to the mass range between 2M π and (M ρ 0 + 5Γ ρ 0 ).
Examples of the −t ′ distribution of the data can be found in Refs. [14, 20] . The −t ′ distribution is fit to a falling exponential, and the fit is used to correct the measured cross section for the excluded region −t ′ > 0.4 GeV 2 . The slope parameter b from the fit is (6.82 ± 0.15) GeV −2 , which is consistent with previously published values.
The ρ 0 production data were normalized using the inclusive deep-inelastic scattering (DIS) yield derived from the same data sample. By comparing the DIS yield to the LEPTO Monte-Carlo yield based on the world data [21] evaluated at the appropriate Q 2 and x values, the required normalization factors were determined. Virtual photoproduction cross sections, σ γ * p→ρ 0 p , were obtained from the leptoproduction cross section after applying the photon flux factor Γ T (using the Hand convention as outlined in Ref. [17] , for instance):
In double-diffractive (DD) processes the target nucleon is broken up. In a recent study of target dissociation in ρ 0 production at center-of-mass energies between 60 and 180 GeV, the cross section ratio of double-diffractive to single-diffractive ρ 0 production was measured to be 0.65 ± 0.17 [22] . Accounting for the shape of the baryonic spectrum (taken from pp diffractive scattering [23] ) and the resolution of the present experiment, the DD contribution to the diffractive ρ 0 production cross section at HER-MES is found to be (4 ± 2)%, for which the data were corrected. The uncertainty in the DD contribution origi- nates from a rough estimate of the acceptance for double diffractive events relative to that for single diffractive ρ 0 events, and the uncertainty of the data of Ref. [22] . Taking into account other estimates of the ratio of double diffractive to single diffractive ρ 0 production also at lower Wvalues [24] , which are smaller in general, a total systematic uncertainty of about 3% (relative to the measured cross section) has been assigned to the DD contribution. The small size of the DD contribution is related to the good energy resolution of the HERMES experiment (σ ∆E ≈ 0.25 GeV -see Fig. 1 ).
The final cross sections are obtained by applying a radiative correction to the experimentally determined ρ 0 production cross section. The internal radiative correction has been evaluated separately for each (Q 2 ,W ) bin, and typically amounts to 18% [25] . External radiative effects (caused by detector materials) are included in the acceptance Monte Carlo.
Results
In Table 1 the results for the ρ 0 virtual-photoproduction cross section are given for each Q 2 and W bin. The systematic uncertainties are dominated by those from the acceptance correction factors, which amount to 17%, 11%, 14% and 17% in the bins centered at Q 2 values of 0.83, 1.3, 2.3 and 4.0 GeV 2 , respectively. Another important contribution to the systematic uncertainty stems from from the uncertainty in the reconstruction and data selection efficiency, which totals about 9%. This contribution has been estimated by varying the large number of requirements used to select data and reconstruct valid events. The quoted 9% also includes uncertainties in tracking effeciency, kaon contamination, radiative corrections and DDcontribution. Remaining contributions to the total systematic uncertainty are the absolute normalization (6%) and the background subtraction (4%). The combined systematic uncertainty on the ρ 0 cross sections ranges from 16 to 21%, depending on the kinematics.
In Fig. 3 the virtual-photoproduction cross section is plotted versus W , and compared to existing measurements [17, [26] [27] [28] [29] [30] at nearby values of W . As the various data sets have been measured at different average Q 2 values, most data sets were rescaled to the average Q 2 values of the HERMES data using the Q 2 -dependence of the VMD model, which is in agreement with the present data as will be shown below (see Fig. 4 and Eq. (2) [28] , the open triangles from Ref. [26] , the open stars from Ref. [27] , the crosses from Ref. [29] , the open circles from Ref. [17] , and the open diamonds from Ref. [30] . Previous data have been scaled to the presently used Q 2 -bins using Eq. (2). The error bars include both the statistical and systematic uncertainties (added in quadrature).
2). It is noted that the various data sets have also been obtained at different average ǫ-values, for which no correction has been applied. The HERMES data are seen to fill the gap which previously existed between the steeply declining data at low W , and the data collected at higher W values, which have a much flatter W -dependence. With a few exceptions, there is a fair consistency among the world's data on exclusive ρ 0 production. The first exception concerns the highest W point (at 3.5 GeV) of the Cornell data [28] at Q 2 = 0.83 GeV 2 , which deviates by about 2σ-3σ from a smooth interpolation of all other data in that W -region. Secondly, there is a difference of about a factor of two between the NMC [30] and E665 data [17] at W ≈ 15 GeV in the two highest Q 2 -bins. The latter discrepancy has been reported before [17, 31] . Part of the discrepancy might be related to a (model-dependent) subtraction of the non-resonant contribution to the ρ 0 -peak that was applied by NMC [30] in contrast to E665 [17] and the present experiment.
It should be noted that it is the total cross section for the process ep → eh + h − p with M ππ ≈ M ρ 0 that is displayed in fig. 3 for all data sets. This total cross section is believed to receive contributions from exclusive ρ 0 production through Reggeon exchange, as well as from reaction channels such as those involving nucleon resonances at low W , as reported in Refs. [26] [27] [28] . In virtualphotoproduction it is usually assumed that the latter contributions are negligible beyond W ≈ 4 GeV. The data of Fig. 3 indicate that these additional processes have a decreasing contribution to ρ 0 production up to about 4-5 GeV, where the steep decrease of the cross section changes into an almost flat W -dependence. Henceforth, we restrict the comparison with existing calculations to data collected at W > 4 GeV.
Q 2 -dependence
The HERMES data are displayed in Fig. 4 as a function of Q 2 for the two W bins. For the purpose of extrapolating to Q 2 = 0, the Q 2 -dependence of the data has been parameterized using the following functional form, inspired by the VMD model [17, 32] 
The VMD-model predicts that m = 2 and that the ratio of longitudinal to transverse ρ 0 photoproduction cross sections is given by R = ξ 2 Q 2 /M 2 ρ . A good description of the data is obtained by fixing m to its VMD value, and treating σ 0 and ξ 2 as free parameters. Here σ 0 represents the ρ 0 production cross section for real (Q 2 = 0) photons. The results of the fit (solid curves in Fig. 4 ) are listed in table 2.
As the ratio R must be positive, the negative fit values of ξ 2 indicate a deficiency of the VMD-model. Hence, a different approach was also used, i.e. the exponent m of the propagator in Eq. (2) was used as a free parameter, while the value of R(Q 2 ) was fixed using information extracted from measurements of the ρ 0 decay angular distribution [14] : The parameterization of R expressed by Eq. (3) has been obtained from a fit of the world data on R, yielding c 1 = 0.61 ± 0.04, and c 0 (W ) = 0.33 ± 0.03 (0.48 ± 0.03) for 4 GeV < W < 7 GeV (W > 7 GeV). The resulting fits (dashed curves in Fig. 4 ) also give a good account of the Q 2 -dependence of the ρ 0 production cross section. The fitted parameters are listed in the middle row of table 2. The values of σ 0 are somewhat different from the results of the previous method, but are consistent as the errors have increased considerably.
It is concluded that an increase of the exponent m can avoid the negative values of ξ 2 found in the previous fits. This result quantitatively confirms similar conclusions obtained by the E665 collaboration (m = 2.51 ± 0.07 at W ≈ 15 GeV [17] ).
The fitted values of the extrapolated photoproduction cross section σ 0 are in agreement with existing real-photon data [33] , but carry larger error bars particularly if the exponent and the cross section are treated as free parameters. Since the VMD cross section scales with Q −4 while a perturbative QCD description predicts [34] that the longitudinal part of the cross section scales with Q −6 , it is of particular interest to study the value of the exponent of the propagator in the transitional domain probed by the present data. By fixing the value of the photoproduc- tion cross section σ 0 using a parameterization of the existing photoproduction data [33] , a one-parameter fit of the Q 2 -dependence of the cross section has been carried out, yielding fairly precise values for the exponent m as can be seen from the bottom row of table 2. The fitted value is remarkably close to 2.5, which is in agreement with results obtained by E665 [17] (2.51 ± 0.07) at an average W value of 17 GeV, but somewhat above the result obtained by H1 [35] (2.24 ± 0.09) at W = 75 GeV.
W -dependence
In Fig. 5 the ρ 0 virtual-photoproduction cross sections are shown as a function of W for the four different Q 2 bins. As was argued above, only the data for W > 4 GeV are being considered. The data are compared to the calculations of Haakman et al. [10] , which relate the W -dependence of the vector-meson production cross section to the proton structure function F proportional at large values of Q 2 and small values of x. The relation between the ρ 0 production cross section and the structure function is apparent in the expression for the t-dependence of the cross section given in Ref. [10] :
In this expression the scaling function f ρ (Q 2 ) is not determined by the model, and has been obtained from a fit to the experimental data displayed in Fig. 5 
2 ) the parameterization of Capella et al. [36] in terms of Pomeron and Reggeon exchanges has been taken. The slope parameter Λ is given by
with the radius parameter R 2 ) are given in Ref. [10] . Thus evaluated, the value of Λ turns out to be consistent with the value of the slope parameter derived from a fit of the −t ′ distributions [10] . In order to compare the W -dependence of the model of Ref. [10] to that of the data, the calculations have been normalized to the HERMES and E665 data, for each Q It should be noted, however, that the data collected at W < 4 GeV -as displayed in Fig. 3 -show a steep rise with decreasing W that is not reproduced by the calculations of Ref. [10] . As was mentioned above, this is presumably caused by additional reaction processes that are not contained in the theoretical framework of Ref. [10] . Without explicit calculations that include these effects, it cannot be excluded that there is a finite contribution due to such processes above W = 4 GeV, especially at the lowest Q 2 values.
The NMC data (also shown in Fig. 5 ) can be compared to the calculations of Ref. [10] as well. This leads to differently normalized curves (dashed lines in Fig. 5) . If the NMC normalization is adopted, the curves fall below the E665 and HERMES data. Within the constraints of the present model calculation, the E665 normalization is therefore preferred. However, on the basis of the HERMES data alone no such distinction can be made.
The longitudinal cross section
The results of recent OFPD calculations, such as those described in Refs. [5] [6] [7] [8] , only concern the longitudinal component σ L of the ρ 0 virtual-photoproduction cross section, because the factorization theorem [3] applies only to the longitudinal case. Hence, values of σ L were extracted from the data. The longitudinal cross section σ L is related to the total ρ 0 production cross section σ γ * p→ρ 0 p :
Assuming SCHC the ratio R = σ L /σ T can be derived from the longitudinal fraction r 04 00 of ρ 0 mesons, which can be extracted from their polar decay angular distribution W (cos Θ). In Ref. [14] such an analysis is presented, which has provided us with the parameterization of R shown in Eq. (3). This has been used to evaluate σ L for each of the cross sections listed in Table 1 . (Note that ǫ can be determined from the kinematics of each event.) The results are listed in Table 3 and, for Q 2 > 2 GeV 2 , displayed in Fig. 6 . It may be noted that the values of σ L increase by about 30% if the quoted parameterization of R for W > 7 GeV is used.
The data are compared to the model calculations described in Ref. [5] , but with the improvements described in Ref. [6] : higher twist effects are included in a phenomenological fashion, the Q 2 -dependence of the strong coupling constant α s was accounted for, and the sea quarks are included using the MRST98 parton distributions [37] . As can be seen from Fig. 17 of Ref. [6] the higher-twist contributions, which were included through the dependence on the intrinsic transverse momentum k ⊥ , reduce the longitudinal cross section by typically a factor of 5 at Q 2 ≈ 2 GeV 2 . As the (phenomenological) higher twist corrections at lower Q 2 values are even larger, the comparison between the OFPD calculations of Ref. [5, 6] and the data has not been extended to the data below Q 2 ≈ 2 GeV 2 . Moreover, the OFPD calculations cannot be used for data collected at W < 4 GeV, as no other reaction channels were included. Table 3 . Longitudinal cross sections σL for ρ 0 virtual photoproduction on 1 H in µb. The listed uncertainties include both the total error on the measured ρ 0 virtual-photoproduction cross sections and the error on the parameterization of R for W < 7 GeV, which was used in the evaluation of Eq. (6) . The average values of ǫ for each bin are listed as well.
< Q
2 > < W > = 4.6 GeV < W > = 5. The OFPD calculations are compared in Fig. 6 to the longitudinal cross sections measured by E665 [17] and the present experiment. The calculated contributions due to quark exchange (dashed curves) and two-gluon exchange (dotted curves) are also shown separately. In the present kinematic domain the quark contributions dominate, and only at Q 2 = 4.0 GeV 2 and W > 10 GeV the gluon contribution starts to contribute significantly. A fairly good agreement between the calculations and the data is obtained, given the existing theoretical uncertainties related to the size of the higher-twist contributions, and the relatively low Q 2 values involved. The calculated rise of the cross section at W ≈ 5 GeV, which is associated with the contribution due to the exchange of valence quarks, is not inconsistent with the new HERMES data.
Summary
In summary, cross sections have been presented for exclusive diffractive ρ 0 virtual photoproduction in the Wdomain between 4 and 6 GeV. The Q 2 -dependence of the cross section is well described by the propagator of the Vector Meson Dominance model, although an increase of the exponent from its original value of 2 to about 2.5 is needed when consistency with existing data for R = σ L /σ T is required. By extrapolating the γ * p → ρ 0 p cross section to Q 2 = 0, photoproduction cross sections are found which are in fair agreement with previously published values of about 11 µb. The W -dependence of the present and (most) existing data in the W -domain between 4 and 25 GeV is well described by a model linking the x-dependence of the proton structure function F p 2 (x, Q 2 ) to the vector meson production cross section. The longitudinal component of the cross section has been compared to calculations based on the Off-Forward Parton Distribution framework. A fairly good agreement with the data is found.
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